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ABSTRACT ' i 

Crustal Evolution Education Project (CEEP) modules 
were designed to: (1) provide students with th^ methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and the application of this knowledge 
to man*s activities and (2) to be used by teachers with little, or no 
previous background in the modern theories of sea-floor spreading, 
continental drift, and plat^ tectonics. JEach module consists of two 
booklets: a teacher's guide and student investig^ition. The teacher's 
guide contains all of the information {^resent in the student 
investigation booklet as well as: (1) a, general introduction; (2) 
prereqyisite student background; (3) objectives; (4) list of required 
materials; (5) background information; (6) suggested approach; (7) 
procecJure, recommending three 45-minute class periods for this 
module; (8) summary questions, (with answers); (9) exteijsion 
activities; and (10) list of ref erencesv ,0b ject ives include 
explaining^agnetic dip, using magnetic ^ip preserved in rocks to 
determine latitude of India at certain time^ in the past and its 
present rate^of movement, and identify collision of India and Asia as , 
the cause of the Himalayas. Familarity with continental drifK 
paleomagnet ism, latitude/longitude, and measuring angles withja 
protractqr are prerequisites for understandingL'-tire teacher 
demonstration and completing the activities. muthor/JN) 
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Drifting Continents 
And Magnetic Fields 



INTRODUCTION 

Geophysicists have been abl^ to plot the path 
of India, from its breakup with Antarctica, across 
the equator to its present position; using the 
apparent magneticdip preserved in the rocks of 
India. In this moduje, students use paleofnagnetic 
dating In the same way those geophysicists 
did, to determine the position of India at^^rious 
times in the past. They also learn thatihe, f 
collision of India m\h Asia is the probable caus^ 
of the extensive earthquake activity in Tibet . 
and southern China. 



PREREQUISITE STUDENT BACKGROUND 

Students should be familiar with continental 
drift and paieomagnetism. They should be 
able to locate places on a world map using 
latitude and longitude. They should also be able to 
measure angles with a>protractor. 



India 



Scientists have, determined that at one time 
was a part of Antarctica It broke off from 
Antarctica and for 200 million years drifted 
northward, isolated from any other landmas^s 
Finallylt collided with Asia, resulting in the j 
uplift of the'Hirpalaya Mouojam? Perhaps you 
have heard about thfe earthquakes in that part of 
the world. These earthquakeyare the result 
of this collisio.n process of one, continent with , 
another Th^ tell us that it is stiff going on. 
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OBJECTIVES 

After you have completed these activities, you 
should be able to 

1, Explam what is meant by magnetic dip 

2, Use the magnetic dip preserved in rocks to 
determine the latitude of India 'at certain 
times in the past, and its rate of movement 

3, Identify the collision of India and Asia as ^ 
the cause of the Himalayas 

MATERIALS 

One set of each of the following is needed for 
demonstration pur^50Ses> 
Overhead projector 

Transparency of the upper half of Worksheet 1 
Iron filings and a bar magnet of a si2e that will 
fli the transparency 

A transparent lid or dish to ^upport the • 
transparency above the magnet * ^ 

Transparent protractor, ruler and a marker pen 
At least one dip needle and'a compass. If more 
are availa*ble, then students can determfne 
the answers to Question 1 themselves. * 
One or more atlases 

Each student should have a protractor, ruler, 
pencil and eraser 
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BACKGROUND INFORMATION 

The difference in the magnetic dips of the rocks ^ 
found in India is not the only evidence used * 
by scientists to trace the northward movement 
of India. The magnetic anomalies of the Indian 
Ocean ^ioor provide the major support. Students 
should realize that the information they deal 
with in this activity is simplified to m^ke 
it readily understandable. 

In the introduction of the student guide, 
students are told that the Himalaya Mountains 
and the earthquakes irr southern China are the 
result of the collisjprt of two continents. 
It is the movement of oceanic crust Into a 
subduction zone along the southern margin of 
Asia that caused the collislon.-The two continents 
were drawn together by this movement. The 
continental crust of India, however, was too 
low in density to be drawn down into tHe 
subduction zone. Instead, it is colliding with the 
continental crust of Asia. In this way a great , 
thickness of continental crust occurs at t|ie zone 
of collision. This greater-than-normal thickness 
of lower density continental rock may*be largely 
responsible for the height of the Himalayas. 
There seems to be a shortening of crust ca^used by 
this collision. As the crust shatters, it slides alorti^ 
the resulting faults in a general compression 
of the continental crusts of India and Asia. 
These movements result in the many shallow 
focus earthquakes occurring in Tibet. 
See, Figure A. 



The Alps are another zone where two continents 
have collided and produced mountains. The 
Alps are older than the Himalayas and resulted 
when Africa collided with Europe. A second 
period of collision may be occurring now. Africa 
seems to be moving into Europe. As a result, 
the Mediterranean Sea is closing. Millions 
of years from now another mountain range, 
parallel to the Alps, may be formed by 



this collision. 





2 A'te^ C of'Sior of Co»^i"^e'"ta' Cf'^s* 



, Figure A. Schematic representation of the 
collision of India and Asia, which produced the 
Himalayas and has resulted In contfnuing 
shallow earthquake activity. 



SDGGESTED APPROACH 
PART A of the module is a teacher demonstration. 
Students, however, should respond to the 
questicms in the Student Investigation and on 
Worksheet 1 during and Immediately after the ^ 
demonstration. The remainder of the activity can 
be done in an individualized setting or In small 
groups with the demonstration as background. 
You should conduct a post-laboratory 
discussion at the end of the module using 
the SUMMARY QUESTIONS-as a guide. This 
discussion could also include Information 
relating to the EXTENSION, • 
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PROCEDURE 

PART A. What is magnetic dip? 
In this part of the activity you conduct a 
demonstration ^nd class discussion to review 
basic concepts concerning the earthls magnetic 
field and how it can be rrfeasured at various 
places on the surface. 

Key words: dip needle, magnetic dip, ho/lzon 
Hhe * 

Time required: one to two 45-mlnute perib<^ 
Materials: protractor, ruler aad pencil 

The earth is surrounded by a magnetic field, 
which is stivongest near the north and south 
magnetic poles It can t be seen However, anyone 
who has used a magnetic compass has observed 
It. The compass allows one to "tell directions" 
(north, south, east,*pr west). Telling directions.*is 
U6ing only one part of the magnetic fieFd— 
.the horizontal part Since the field is three- 
dimensional, there is another part at right angle? 
to the horizontal part. We will call this the vertical 
part To observe the vertical part of the field, 
you use a dip needle. It is similar to an ordinary 
compass except that the n&€<jle is allowed 
to rotate verttpally instead' of horizontally 
The angle formed by the dip needle and the 
horizon is known as the magnetic dip. 

Demonstrate a* dip needle and a compass. You 
may have to go outside the building U> avoid 
magnetic materjal§. Have students use a compass 
'to determine the orientation of ihe buiJdIng, ^ 
orsbrne other feature, with reference magnetic * 
north. Then ybu can briefly discuss the three- 
dimensional nature of the magnetic field 
and Introduce the dip needle as a compa§s In 
the vertical plane, Theri have them determine the 
^erticdi component of the Held at your 
school's location.- * 

If your students are familiar with the idea of <^ 
vectors, you should'dlscuss the maghetic field 
as'a vector quantity havIng^ both magnitude 
. and direction. There*are two angles of interest: 
MeoUmtioh and Inclfnatioh. Declination is 
*the apgle df deviation from tha geographic 
nortfi. Inclination is th^' ang'fe that the dip needle 
cnallces with the horizontal plane. In th# activity 
thl$ Is called magnetic dip. See FIgurfe B. 

/Although you may.want td discus^ declination 
(or the .difference between true^ north— geographic 
north— and magnetic nprth) with your 
students, this dlstlnctiorr Is not, essential - 
for understanding the basic O&JEOTIVES of 
thi? mdcluie. In facf, It may confuse stude^i^s , 
since later In the,ap\iy:lty they are told that over 
geologi<j time, geographic north and magnetic 
n^rth can be a&sumed to be essentially * 

4he same. / 

... . , . J 



1j Your teacher has shown you a compass and* 
a dip needle. Which would you use to measure the 
. horizontal, part of the earth's magnetic 
field? compass Determine the direction, 
with a compass, to some object in your room 
Or school yard. • 

/Object , _ 

Direction ! 

What in&trument would you use to measure 
the vertical part of the earth's magnetic K 

afield? dip needle - * 

In this activity you will be using the magnetic 
dip recorded in rocks. When molten rocks reach 
the surface of the earth and begin to cool, certain 
minerals withm the rocks are magnetized 
parallel with the magnetic field of the earth 
These rocks will then have a weak magnetic field 
themselves. The positions of samples of the 
rocks are recoVded befjg they are collected 
Scientists can then me^re the hoj>2<jrital and 
vertical parts of the mag^netic fields of these 
Tocks. This Will tell them about the magnetic field 
#n the area at the time the rocks cooled 

This explanation of the paleomagnetlsm of 
rocks is highly simplified. The rocks become 
magnetized as they crystallize. When the Curie 
temperature Is reached (al)Out SOO"" C), this 
magnetism will becom^ permanent. If later the 
rock Is heated above the Curie point, it will 
lose its permanent magnetism. It will 
acquire a new field^wher^ the temperature 
falls backdown through the Curie point again. 
Therefore, the scientist must know the temperature 
history of the rock. 

Because of crustal disturbances, many rocks 
are not found in their original positions. Magnetic 
data from them can still be used, however, 
if the scientists are able to make corrections 
on the positions. The original positions can often 
be determined from bedding planes and 
other* characteristics -^f the rocks. 



Magretr ^^.fr Geographic north 




Figure B. The earth's magnetic field can be 
measured vertically and horizontally. 



Set up the demonstration as follows: 

1. Place the bar magnet on the overhead 
projector and cover it with the transparent lid 
or dish. 

2. Scatter the iron'filings on the tranlsparent (Td 
over the bar magnet. 

3. Place the transparency of the diagram of 
the earth's magnetic field (Worksheet 1) ov^r . 
the iron filings so that its north and south 
poles coincide with those of the bar magnet. 
Be careful not to disturb the iron filings. 

Try out the demonstration at least a day or two 
ahead. Be sure the magnet and the diagram 
Xate of the correct size so that the iron filings will 
follow closely the lines of magnetic force 
on the diagram. You may have to redo the t 
diagram to make them fit correctly. This is an 
important step in thatjt allows students to *'see" 
the earth's magnetic field as modeled by the field 
of the magnet. The student can then relate 
the demonstration to orientation of the dip 
m diagrams representing rocks taken from various 
places on the earth's crust.*lf students don't 
understand this,- then the remaining part of the 
module will have little meaning for them. 

'2. After you observe your teacher's demqii- 
stration, l^be! the north and south poles on the 
' diagram^n Worksheet 1 

3. j^Jotlce that a horizon line has been drawn at 
location C. A horizon line is a straight line . 
touching the circle but not intersecting it. Draw 
m the horizon line at the other four locations 
To make a horizon line, first draw a straight lin^ 
from the center of the circle to the point on tnfe 
circle through which the honzon line must pass 
(This line is the radtus of'the circle.) Then draw^ 
lineSO'' (perpendicular) to the radius at the 
point on the circle. This is the horizon line for that 
point Measure the angle of dip of the^ magnetid 
field at each location. It will be the angle formed by 
a hnfe of magnetic force and the horizon. Note that 
the radius and dip angle for C are already shown. 
A 90^ B 60^ C 35^ D 60^ ^ _5; 



4. Worksheet 1 has drawings of rockS'COllected 
at each of the five locations Draw arrows^ , 
on the rock dra.wings showing the direction of 
dip recorded by the magnetic minerals in 
these rocks. The rocks are all sampfes frolri recent 
lava flows. » ^ ^ 

S.lA/herepn the earth is the dip the greatest? 
at the poles the least? ' at the equator 

6. Samples A, B, and C are from the northern 
hemisphere. What isMhe relationship between dip 
and distance from'the north magnetic pole'> 

Dip becomes greater closer to the north jnagnetiq 
pole. 4 

7. Sampl^ D and>E are from the southern 
hemisphere. ♦What happens to the dip in ^ ^ 
the souther/i hemisphere'^ 

Jt is reversed. Thie north-seeking needle will 
point up rather than down. 

Be certain that students understand the 
^relation^ip of dip to latitude and position north 
or south of the equator. This understanding 
is essential for PART B.. 
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PROCEDURE 

PART B: What does magnetic dip tell about 
India? 

In this part of the act|i^ltyy students study 
evidence from magnetic dip recordedjn certain 
rocks. This record has led geophysicists to beliefve 
that Ipdia has drifted northwarrflo collide with 
Asia. Students learn that changes in the rate 
ot movement can be determined and that the 
collision accounts for' the Himalaya Mountains 
and the extensive geological activity 
in that area. 

Key words: radiometric dating, paleolafttpde' 
Time required: one 45-minute perioij* 

Materials: protractor, ruler and pencil, atlas 

Geophysicists find that the ancient magnetic 
dip may be different in rocks of different ages on 
the same continent. This is particularly 
lK;ue of Indra. 

Figure 1 shows drawings otsix rocks. Each rock 
IS from a different formation in India. 
San^ples B and D are^m lava flows. The others 
are sedimentary rocks that contain par-ticles 
of iron. Iron particles will often act like tiny 
magnetic compasses as sediments are being 
deposited. They align themselves with the 
magnetic field of the earth. Sedimentary rocks 
and igneous rocks, then, can provide a' record of 
the earth's magnetic field. 

Note that the age of each rock is given in years. 
Geologists can determine how long ago 
an igneous cock crystallized by a method known 
as radiometric datiag. They can also determine 
the approximate time of deposition of sediments 
at a site where igneous rocks have cut * 
across the sedimentary rocks. 

Figure 1 Is based upon data from C.T. Klootwijk, 
1976. It has been translated from the form 
used by paleomagnetists into the form used in 
this activity to make it more understandable 
to students. 
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Sample A 225 million year^ old j^Sample-B 200 miHion years old 



> 





Sample E 2G million years old * Sample F present 

0 



gl^^Rgure 1. The direction of magnetic dip is diagramed on these rock samples from India 



The direction of magnetic dip is indicSfed by 
the arrow on each sample. 

1. Use the protractor to measure the angle "of 
i magnetic dip for each sample and place your 
results in the proper column of the Data Street 
on- Worksheets. 

What.could cause the magnetic dip of the rocks 
found m India to change during the last 225 
million years? there are three possibilities* 

a. -The north magnetic pole has moved. , : 

b. India has moved. 

c. E(oth the north magnetic pole and India 
have moved 

Most scientists now believe that the magnetic . 
poles have always remamed relatively close to the 
earth's geographic poles and that the geographic 
poles have always remained in an area nefar 
their present positions Therefore, a and c are not 
acceptable explan^ions, arid the only 
possible explanatioh is that India has moved. 

* Since the magnetic and geographic poles are 
close together, you can assume for this 
activity that they are indeed the same. Therefore, 
the angle. of magnetic dip can giv^ you latitude 
and distance from a geographic pole if \ 
you use this graph (Figure 2). 



2. Using Figure 2, determine the paleolatMude 
(ancient latitude) far each of your samptes 
from India. Record this on your Data Sh^t 
on Worksheet 2. ^ 

Paleolatlfude is fobrrd t)y using the ^ngle of 
magnetic dip the students recorded from Figure 1 
For example, rock' C has a 49"^ dip. Using 
Figure 2, look for 49"^ onjhe bottom scale labeled 
"Angle of magnetic dip." Go up front that ^ 
point toihe curved line. F^rom that point on the 
curve read across to the scale'of latitude to ' 
find the **paleolatitude." For rock C it is 
approximately ZO^^S. latitude (r^ote 
position of arrow). 

3. Plot thq pafeolatitude^'and age of each sample 
on the graph on Worksheet 2. \ ^ ^ 

4. From the graph you have just plotted, 
determine the average rate of movement of India 
duringlhe last 200 million years m cm/year. 
Approxirxiately 3.2 cm/\«ar 

5. Has India alv^ays moved at the same rate of 
speed during the* test 200 million years'^ 

No 




Data Stieet 



Rock Sample 


A 


.B 


C 


D 


E 


F ^ 


Age of Sample 


225m y 


200m y 


80m y , 


60m ,y 


- 20m y 


Present 


Angle of Dip 


56 


66 


49 


37 


17 


37 


Paieolatitude 


37=" S 


48*S 


30'S 


19=*S 




20=" N 



Graph 



2000 




225 200 



150 100* 50 

Time in milhons of years before present 



6000 



Answer Sheet 2 (PART B) 
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6rf Mark the position of India {or the various elates 
of your samples on the map on Worksheet 3. 

"Scientists have discovered that India has not ' ' 
had very much^eastyw^st nroverfient In its 

Tjast. Therefore, the path that you have plotted ts 
probably pretty close to that actually taken 
b,y India. 

The Himalafyas are thgught to be an area>where 
two conWnents are agtually in the process 
of colliding. What would you expect sorne of the 
elfacts of'such a cpllisiopf to be? Use an 
atlas. to answer the next two questions.^ 

7. Where is the highest elevation*in the world? 
Mt. Ev,erest in the Himajdyas . ^ - 

6. Locate the Tibetan Plateau What are some* 
typical elevations'^ * 7 

Mountains rise to ^5^000 feet.^ Valley floors are 
at about 20,000 feet. 

9. What might causBvthe elevations you found 
for the answers to the last two questions'? 
The collision of two continents causes the high 
elevations. You may want to discuss the 
mechanisms of this collision as described briefly 
in BACKGROUND INFORMATION?. 



To answer the next question, compare Figure,3 
with your atlas. .flt 

If a copy of either the World ^eismici^Map ^ . 
(1974, U.S. Geological Survey) of Tenestrial Heat 
FIgw Data M^p (1976, World Data Center A 
for Solid'Earth Geophysics, Boulder, Colorado) 
. Is availai^le, it may be used in place of 
Figure 3. , ^ 

10. Near what topographic features do most 
of the earthquakes in southeast Asia seem to 
> occur'? . y • ' 

In br near the Tibetan Plateau, in the Himalaya 
Mountains, and in the mountains of Pakistan. 

How can you explain their occurrence? 
. The collision of India and Asia ban also aogount 
for the many earthquakes that occur in ^\ 
southeast Asia: Again, you may want to discus^ 
the mechanisms as described in BACKGROUN^ 
INFORMATION. ' 
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SUMMARY QUESTIONS 

1. Describe the movements of India for the .past 
225 million years \ ^ 
India has moved from the southern hemisphere 
to its present position. It was, once part of 
Antarctica. After its separation, it remained 
isolated* until its collision with Asia. 

2. What types of evidence are usqd to determine 
the movement of India? 

In this activl^', the evidence from magnetic 
dip has been used to demon^rat^the movement 
of the Indian continent. Other evidence, 
however, is also used by'scientists, including 
magnetic anomaly patterns observed in the ocean 
floor, the correlation of rocks by using fossils 
. and radiometric dates, and the types pf 
fossils found in rocks of different ages.' 

EXTENSIONS 

Some devastating earthquakes have, occurred > 
m China recently. See if you can find news stories 
of these earthquakes m your library. What effects 
did they have upon people? Where were they 
located? Can they be explained by the 
collision of the two plates? 
The mo$t severe earthquakes In China have 
^occurred far from the mountains. Th§y cannot 
be readily explained by thre collision of the 
two continents. 



ERJC 



3. What is magnetic dip'? 

This is the record of the inclination of the earth^s 
magnetic field preserved in a rock, at the 
time and in the geographic location, where the 
rock formed. 

4. What types of. geological features and acfivity' 
may result where continents collide? 
Mountain ranges will be produced in the collision 
of continents. Where this collision is still 
active, as in Tj^t, there rtiay also be 
earthquake activity. 



Chinese scientists have been recording the 
occurrence of earthquakes for thousands of years 
Recently they have been attempting to predict 
e^f^quakes. Can you locate information 
on their efforts to predict earthquakes? What 
types of methods are thSy using? How successful 
•hev^hey been? 

The articles by Mead and Shaw,, and the one 
in Science News, discuss the wdrk of/ Chinese 
seismolpglsts who have be*^ attempting to 
predict earthquakes. You might*^rdi(er your 
students to these aillcles. It also would add 
Interest to present some of this information in 
your post-laboratory discussion of the acflvlties 
in this module. ^ 
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Figure 3 Epicenters of earthquakes on i?nainland of southeast Asia. 1961 through ^p^^ - • 

1[Based on Terrestrial Heat Flow Data Map, 1976, World Data Center A for Solid Earth Geophysics, Bouldef, Colorado.) 
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Ij^TRODUCTION 

Scientists have determined that at one time India 
was a part of Antarctica It broke off from 
Antarctica and for 200 million years drifted 
northward, isolated from any other landmass 
Finally it collided with Asia, resulting in the 
uplift of the Himalaya Mountains Perhaps you 
have heard about the earthquakes in that part of 
the world. These earthquakes are the result 
of this collision process of one continent with 
another They tell us that it is stilt going on 

r 

OBJECTIVES 

After you have con^pleted these activities, you 
should be able to 

^. Explain what is meant by magnetic dip 

2. Use the magnetic dip preserved in rocks to 
determine the latitude*of India at certain 
times m the past. andMts rate of movement 

3. Identify the colliSfCTn of India and Asia as 
the cause of the Himalayas 

PROCEDURE 

PART A What is magnetic dip'? 
Materials protractor, ruler and pencil 

The earth is surrounded by a magnetic field, 
which IS strongest near the north *and south 
magnetic poles. -It can't be seen. However, anyone 
who has used a magnetic compass has observed 
It. The compass allows one to "tell directions" 
(north, south, east, or west) Telling directions is 
using only one part of the magnetic field— 
the horizontal part. Since the field is three- 
dimensional, there is another part at nght angles 
to the horizontal part. We will call this the vertical 
part To observe the vertical part of the field, 
you use a dip needle. It is similar to an ordinary 
compass except that the needle^allowed 
to rotate vertically instead of horizontally, j 
The angle formed by the dip needte-and thfe 
horizon is known as the magnetic dip. 

O JopyrtflW 1979 by SQUthtMt Mittoufi 8tat« UfiMrelty . " 
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1. YouC teacher has shown you a compass and 
a dip nefecj|te' Which wou}dVou use to measure the 
horizontallpart of the eartti's magnetic 

field? . — : — L-.^ Detd'rmine the direction, 

with a compass, to some object in your room 
or schobf y^rd . 

Object - 

Dtfection 



6^ Samples A, B, and C are from the northern 
hemisphere. What is the»relationship bet^ween dip 
and distance from the north magnetk pole? 



'What instrum6nt;would you use to measure 
"the^ vertical part of the earth's magnetic 
field'? > 

In tinis'activity you will be using the magnetic 
dip recorded in rocks When molten rocks reach 
the surface of the earth and begin to cool, certain 
minerals within the rocks are magnetized 
parallel with the magnetic field of the earth. 
These rocks will then have a weak magnetic field 
themselves The positions of samples of the 
rocks are recorded before they are collected 
Scientists can then measure the horizontal and 
vertical parts of the magnetic fields of these 
rocks This wiirtell them about the magnetic field 
in the area at the" time the rocks cooled 

2. After you observe your teacher's demor^ 
stration, label the north and south "poles on the 
diagram on Worksheet 1 

3. Notice that a horizon line has been drawn at 
location C A horizon line is a straight line 
touching the circle but not intersecting it Draw 
m the horizon Ime at the other four locations 
To make a honzon line, first ^draw a straight line 
from the center of the circle to the point on the 
Circle through which the horizon line must pass. 
(This line is the radius of the circle.) Then draw a 

^hne 90° fperpendicular) to the radius at the 
^pomt'on the circle. This is the horizon line for that 
point Measure the angle of dip of the magnetic 
field at each location It will be the angle formed by 
a line of magnetic force and the horizon. Note that 
the radius and dip angle for C are already shown. 
A L B C ^ D • E 

4. Worksheet 1 has drawings of rocks collected 
at each of the five locations. Draw arrows 

on the rock drawings showing the direction of 
dip recor^ied by the magnetic minerafs^iB^ 
these rocks. The rocks are all samples from recent 
lava flows. 

i5. Where on the earth is the dip the greatest? 
the least? 



7. Samples D and E are from the southern 
hemisphere What happens to the dip m 
the southern hemisphere'? 



r 
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PROCEDURE-- 

PART B What does magnetic dip tell about 
India'^ 

Materials protraptor, ruler and pencil, atlas 

Geophysicists find that the ancient magnetic 
dip may be different in rocks of different ages on 
the samfe continent This is particularly 
true of India. 

Figure 1 shows drawings of six rocks Each rock 
IS from a different formation in India. 
Samples B and D are from lava flows. The others 
are sedimentary rocks that contain particles 
of iron Iron particles will often act like tiny 
magnejtic compasses as sediments are being 
deposited They align themselves with the 
magnetic field of the earth. S|/jimentary rocks 
and igneous roo)<s, then, can provide a record of 
the earth's magnetic field 

Note that the age of each rock is given in years 

Geologists can determine how long ago 

an igneous rock crystallized by a method known 

as radiometric dating. They can also determine „ 

the approximate time of deposition of sediments 

at a Site where igneous rocks have cut 

across the sedimentary rocks 



Thadirection of magnetic dip is indicated by 
the arrow on each sample. 

1. Use the protractor to measure the angle of 
magnetic dip for each sample and place your 
results m the proper column of the Data Sheet 
on Worksheet 2 
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Sample A 225 rrollion years old 



Sampte B 200 miMion years old 




Horizon 




Sample C 80 million years old 



Sample D 60 rhiHion years old 




Horizon 




Sample E 20 million years old 



Sample Fi^present 
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O Figure d. The direction of magnetic dip is diagramed on these rock samples from India. 
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What could cause the magnetic dip of the rocks 

found in India to change during the last 225 

nnillion years? There are three possibilities 

a. The north magnetic pole has moved 

b India has moved. . 

c. Both the north magnetic pole and India 

have moved 

Most scienti^s now believe that the magnetic 
j poles have always remained relatrvely close to the 
earth's geographic poles and that the geographic ^ 
poles have, always remained in an area near 
their present positions. Therefore, a and c are not 
acceptable explanations, and the only 
possible explanation is that India has moved 

Since the magnetic and geographic poles are 
close together, you can assume for this 
activity that they 'are indeed the same. Therefore, 
the angle of magnetic dV-can give you latitude 
and distance from a geographic pole if 
you use this graph (Figure 2) 



2. Usiog Figure 2, determine the pal§olatltude 
(ancient latitude) for each ^ your samples 
from India. Record this on your Data Sheet 
on Worksheet 2 

3. Pfot the paleolatitude and age of each sample 
on the graph on Worksheet 2 

4. From the graph you have just plotted, 
determine the average rate q,f movement of India 
dciring the last 200 millicm* years ir) cm. year. 



5>Has India always moved at the same rate of 
spebd dunng the last 200 million years'? 
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O ure 2. Graph showing relationship between distance from magnetic polesand angle of magnetic dip 



Data Sheet 



Rock Sample 


A 


B 


P 


D 


E 


F 


Age of Sample 


225m y 


200m y 


80m y. 


60m y 


20m y 
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Angle of Dip 
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Worksheet 2 (Part B) 
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. 6. Mark the position of India for the various dates 
of your samples on the map on Worksheet 3.. 

Scientists have. discovered that India has not 
had very much east-west movement m its 
past. Therefore, the path that you have plotted is 
proba'bly pretty close to that actually taken 
by India 

The Himalayas are thought to be an area v^here 
two continents are.actually in the process 
,oi colliding What would you expect some of the^ 
effects of such a collision to be? Use an 
atlas to answer the next two questions 

7. Where is the highest elevation in the world? 



9. What might cause the elevations you found 
for the answers to the last Mo questions? 



To answer the next question, compare Figure 3 
with your atlas 

10, Near what topographic features do most 
of the earthquakes in southeast Asia seem to 
occur'? 



8. Locate the Tibetan Plateau. What are some 
typical elevations'? 



Hovv can 



you^expl|f^|i^^pcurrence'? ' 



r 

SUMMARY QUESTIONS 

1. Describe the movements of India for the past 
225^ million years 



3. What IS magnetic dip'? 



2. What types of evidence*are used tb determine 
the movement of India? S 



4. What types of geological features and activity 
may result where continents collide? I 



I 



EXTENSIONS ^^^^^^^ 

Some devastating earthquakes have occurred 
in China.recently. See if you can find nev\/s stones 
of these earthquakes in your library. What effects 
did they have upon people'? Where were they 
located? Can they be explained by the 
collision of the two plates'? 



Chinese scientists have been recording the 
occurrence of earthquakes fodfhousands of years 
Recently they have been attempting to predict 
earthquakes. Can you locate information 
on their efforts to predict earthquakes'? What \ 
types of methods are they using'? How successful 
have they been? * 
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Figure 3 Epicenters of earthquakes on mainland of southeast Asia, 1961 through 1973 

(Based on Terrestrial Heat Flow Data Map, 1976, World Data Center A for Solid Earth Geophysics, Boulder.' Coiofado 




